Seventeen different kinds of incenses were analyzed for the volatile components emitted during burning using a HS-SPME method coupled with GC-MS, in order to check their conformity to IFRA (International Fragrance Association) guidelines and 67/548/CEE Directive rules. A total of 51 volatiles were identified in the smoke of the incenses. They were represented mainly by aromatic compounds (17) and oxygenated monoterpenes (10), with esters (5) and aldehydes (4) being the most widespread volatiles in the former, and alcohols (4) and esters (4) in the latter. The aromatic ester benzyl benzoate and the oxygenated sesquiterpene patchouli alcohol were the most frequent volatile compounds, occurring in the smokes emitted from 10 and 8 kinds of incenses, respectively.
Incense burning is a traditional and common practice for ceremonial purposes, as well as to fragrance the environment, conceal undesired ambient odors, and freshen clothing. The use of incense goes so far back in time that the origin is unknown, but the use is spread widely throughout the entire world. The burning of aromatic plants as incense is probably the oldest method to use fragrances. Incenses, available in various forms, including joss stick, cones, coils and rocks, can be basically distinguished into two types: western incenses, used to produce pleasant fragrances inside the home, shopping centers, shops and public places; and eastern incenses, used mainly for ceremonial practices [1] . A large number of substances are employed to manufacture incense, such as resins, gums, spices, aromatic wood and bark, herbs, seeds, roots, flowers, essential oils, and compounds of synthetic origin [2] . However, from combustion during incense burning toxic substances could also derive, such as polycyclic aromatic hydrocarbons (PAHs), carbon monoxide, benzene, isoprene and particulate matters [3] [4] [5] [6] [7] . Moreover, incenses may contain volatile compounds causing allergic contact dermatitis and photosensitization, such as musk ambrette, musk ketone and musk xylene [8] .
IFRA
(International Fragrance Association, www.ifraorg.org) is an Association elected to serve and advance the collective interests of the fragrance industry, worldwide, with the final objective to protect the consumer and the environment. In collaboration with the Research Institute for Fragrance Materials (RIFM), IFRA assesses safety data on fragrance ingredients. Evaluation of the potential effects of fragrance materials on the skin, for irritation and sensitization, as well as sunlight-mediated effects, and systemic toxicity, utilizes the Human Health Criteria Document [9] . According to these, IFRA classifies substances in prohibited, restricted and with specifications. IFRA develops and implements criteria for a Code of Practice that provides recommendations for good operating practice and guidelines on fragrance ingredient safety assessment, and includes fragrance safety. Whenever there is no available information in the IFRA databases, harmful substances are regulated by the 67/548/CEE (88/490/CEE; 76/769/CEE) Directive [10] , that rules classification, packaging, and labeling of dangerous substances, which are placed on the market in the Member States of the Community. With this in mind, we decided to analyze the smoke of different types of incenses, used mainly to produce fragrances in domestic environments, by SPME-GC/MS, in order to define their volatile composition, and to identify possible harmful volatiles, either included in the IFRA standards or listed in the 67/548/CEE Directive, that could create problems for consumer health. The analyzed incenses were furnished by the Public Prosecutor to the Italian Police (Gabinetto Interregionale Polizia Scientifica, Torino, Italy), to check the correct application of the above norms concerning the safety of dangerous products.
Solid phase microextraction (SPME) is a solvent-free sampling technique, introduced by Pawliszyn [11] , which can be easily used as an alternative to other extraction methods in the characterization of volatile fractions from different kind of matrices. Since burning incense releases many volatiles, most of which produce unhealthy effects, the SPME technique can be easily used to trap and analyze them. Seventeen types of incense were tested in order to determine and investigate the characteristics of the volatile emissions associated with indoor incense burning. A total of 51 components with matching superior to 90% according to the NIST library were identified in the smoke from burning incense ( Table 2 ). They were represented mainly by aromatic compounds (17) and oxygenated monoterpenes (10), with esters (5) and aldehydes (4) being the most widespread volatiles in the former, and alcohols (4) and esters (4) in the latter. Tay Mahal (sample 8), Amber (sample 9) and Gulab (sample 13) produced the richest array of detected volatiles (10), while Sri Ganesh (sample 3) and Spiritual Guide (sample 16) produced the poorest (5) . The aromatic ester benzyl benzoate and the oxygenated sesquiterpene patchouli alcohol were the most frequently detected volatiles, occurring in the smokes emitted from 10 and 8 kinds of incense, respectively. The former is used as a fixative and solvent in the manufacture of flavorings and perfume, in medicine for the treatment of certain skin conditions, and as a food additive in artificial flavors; the latter is one of the organic compounds responsible for the typical patchouli scent, used as a fragrance ingredient in cosmetics, as well as in non-cosmetic products, such as household cleaners and detergents [12] . Cluster analysis ( Figure 1 ) revealed that "Spiritual Guide" and "Jasmine" types from one side, and "Sri Ganesh" and "Tay Mahal" types from another side, were the most similar incenses from a qualitative point of view.
In the incense smokes, twelve substances were detected that are included in the IFRA database, for which some restrictions exist because of the sensitization of the skin, and four substances for which there are some restrictions in the MSDS for their irritant effects to the eye and their breathing irritant properties (Table 3) . No prohibited substance was detected in any of the samples investigated. However, it is important to underline that incense sticks belong to Category 11 of IFRA (www.ifraorg.org) for which there are no quantitative limits of fragrance ingredients in the finished product, because of the expectedly negligible skin exposure. Thus, the risk of induction of dermal sensitization through the use of such products is considered to be negligible.
On the basis of our results, we can assess that incenses are relative safe in terms of the volatile components released from the smoke of the burning incenses. However, to make the use of incenses healthier, it is advisable to observe the common safety practices related to combustible matter, and, in any case, to avoid chronic exposure to them.
Experimental
Samples: Seventeen different types of incenses in stick form were used in this study. The selected incenses were manufactured in India and sold in Italy, and were used to fragrance environments. All incenses were seized by the Italian Authority, and all differed in appearance, such as mass, color and fragrance. Incense sticks were 230 mm long and ∼ 2 mm in diameter, and weighed 0.8 to 2.0 g. The sticks were irregular and the weights were different also in the same packaging. No
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SPME/GC-MS analysis:
One stick from a box of each type of incense was randomly withdrawn and then subjected to total combustion in order to analyze the volatile fraction of the emitted smoke. A polydimethylsiloxane/divinylbenzene (PDMS/DVB) coated fiber (65 µm; Stableflex, Supelco Inc., Bellefonte, PA, USA) was used. The combustion took place in a room with a volume of 30 m 3 under a hood, with ventilating after each sampling. Before each extraction, the fiber was conditioned in the GC injection port at 250°C for 10 min. Then, it was maintained 2 cm above the smoke stream from the incense stick burning for 1 min. After extraction, the analytes were thermally desorbed for 2 min at 250°C into the glass liner of the gas chromatograph. Fiber blanks were run between each sample injection in order to avoid contamination or carry over from previous samples. GC-MS analysis was performed using an Agilent 6890N gas chromatograph coupled to a 5973N mass spectrometer equipped with a HP-5MS capillary column (5% phenylmethylpolysiloxane, 30 m, 0.25 mm i.d., 0.1 µm film thickness) (J & W Scientific, Folsom), which was programmed at 60°C for 1 min, then ramped at 10°C/min to 260°C, held for 10 min, and finally 10°C/min up to 300°C, held for 3 min; carrier gas: helium; flow rate: 1.0 mL/min; injector and transfer line temperatures: 250°C; injection: splitless mode; scan time: 38 min; acquisition mass range: 30-250 m/z. All MS were acquired using electron ionization (EI) with a voltage of 70 eV. A mixture of aliphatic hydrocarbons (C 7 -C 26 ) (Sigma, Milan, Italy) in n-hexane was loaded onto the SPME fiber and injected under the above temperature program, in order to calculate the retention index (as Kovats index) of each compound extracted by HS-SPME.
Identification of volatiles:
The identification of volatile components was based on computer matching with the NIST05, as well as by comparison of the mass spectra with those reported in the literature [13] . Identification required at least 90% match with the NIST library; otherwise, they were considered as unidentified. The coherence of the calculated retention indices of the analyzed compounds with those reported by Adams [13] and NIST05 library [14] constituted an additional criterion in the confirmation of each compound.
Statistical analysis:
The handling data were a matrix where the occurrence of a component was reported with the value 1, and its absence with the value 0. Data were submitted to numerical cluster analysis (centroid clustering of mean squared Euclidean distances) from which the dendrogram was derived. Cluster analysis was carried out using STATISTICA 7.1 software.
